Ruminal bacteria from axenic cultures of Ruminococcus flavefaciens FD1, Butyrivibriofibrisolvens 49, and bacterial types from the ruminal ecosystem that were fixed with 50 mM lysine (L-lysine hydrochloride) added to glutaraldehyde had better-preserved capsules and extracellular material than bacteria fixed without lysine.
Transmission electron microscopy (TEM) has been used to study the external polysaccharide material (capsules and slime) produced by bacteria (9) , including capsular features of bacteria associated with plant cell walls during degradation (3). Cheng and Costerton (5) stated that all bacteria in a study of organisms from ruminal fluid of cows fed hay possessed an external "coat" layer, and these researchers reported 10 different types of coat layers.
The hydrated nature of the bacterial capsule makes its preservation during electron microscopy difficult and subject to shrinkage and artifacts (7, 9) . Several methods, including ferritin-labeled antibodies and ruthenium red, have been used to preserve and aid in the investigation of capsular structure by TEM (9) . Recently, Jacques and Graham (7), using a technique reported and evaluated by Boyles et al. (4) , incorporated lysine into glutaraldehyde fixative and observed improved preservation of bacterial capsules. These researchers (4) suggested that since lysine and glutaraldehyde could form large polymers having net positive charges at physiological pHs, this diamine may cross-link with bacterial capsules and thus stabilize the capsule during subsequent steps for electron microscopy preparation. We used this method to study capsules of axenic cultures of ruminal bacteria and mixed bacteria from the ruminal ecosystem associated with plant fiber. Preparation Bacterial capsules and extracellular structures were evaluated with a JEOL JEM-100 CXII transmission electron microscope. From electron micrographs, prints (total magnification of x28,000) were made of each of the organisms and treatments. The average thickness from the cell membrane to the edge of the capsule or extracellular material was determined at two to four sites by using a digitizer. Bacteria in oblique sections were not measured, since the size of the extracellular material would be distorted. For the fiberdegrading bacteria, only sites not associated with plant walls were measured since the capsule was often elongated at the point of attachment. In the mixed bacterial population, bacteria evaluated included (i) encapsulated ruminococci, (ii) regularly shaped bacteria (2), and (iii) irregularly shaped bacteria (2) . Thicknesses of extracellular structures were compared for bacterial types prepared by the two fixation procedures by using the Student t test.
Incorporation of lysine into the glutaraldehyde resulted in a statistically (P < 0.01) thicker extracellular structure for every bacterial type evaluated (Table 1 ). R. flavefaciens had the largest capsule regardless of treatment, and lysineglutaraldehyde resulted in a capsule at least twice as thick as that fixed in glutaraldehyde alone (Table 1 ; Fig. 1 ). Thin filaments which appeared to be part of the extracellular material stretched between bacteria and other objects (e.g., plant walls) (Fig. 1, arrowheads) in observable extracellular structures. Often, the extracellular substance appeared as loosely organized material or as with lysine (Table 1; Fig. 3 ). The capsule facilitated attachment of bacteria to plant cell walls during degradation of this substrate. The regularly shaped bacteria, while not distinctive of a particular organism and possibly representative of several, had a loosely organized or knobby surface that was preserved by lysine-glutaraldehyde fixation (Fig. 3) . Irregularly shaped bacteria (Fig. 3 ) did not possess a distinctive capsule like the ruminococci, but the loosely organized, extracellular material was better preserved with lysine fixation ( Table 1 ). The pleomorphic nature of similar, gramnegative organisms attached to fiber indicated that these bacteria most likely represented Fibrobacter succinogenes (8) . At the point of attachment (Fig. 3, inset) , the extracellular material was not distinguishable.
Earlier research (1) organisms and a reduced capsular structure in others. The addition of lysine to the fixation procedure rendered capsules thicker and more dense (compare ec in Fig. 3a and b ). This simple procedure should provide for better evaluation of ruminal bacteria in studies, such as those with compounds that stimulate capsules (11) , in which emphasis is on the ultrastructure of extracellular material.
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